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of the final fusion step are concentrated only at the
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assay is thus very rich in membrane remodeling events.
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tion of cis-SNARE complexes by the chaperone NSF
(Sec18p in yeast), a reaction that requires ATP hydroly-
sis and the cofactor Sec17p. Peters et al. (2004) show
that dynamin may act after this reaction by interacting
with the resulting free t-SNARE Vam3p. When added atSNARE Filtering by Dynamin
time zero, an antibody against the yeast form of dy-
namin, Vps1p, inhibits the fusion reaction. When added
later, the antibody gradually loses its inhibitory effect.
The kinetics of resistance to the Vps1p antibody matchesFission and fusion are the two elementary steps of
the completion of the priming stage and the beginning ofmembrane traffic. The mechanoenzyme dynamin acts
the docking stage when vacuoles start productive associ-at the fission step, but, in this issue of Cell, Peters
ation. What could be the role of Vps1p? Several experi-et al. (2004) suggest an additional role of dynamin in
ments suggest an intimate link between Vps1p and thepreparing membranes for fusion.
t-SNARE Vam3p, including the fact that the two purified
proteins can interact in vitro. Because dynamin firstThe well-known function of dynamin is to promote the
forms oligomers, which include Vam3p, and is then re-fission of clathrin-coated vesicles. This function is im-
leased from the vacuole at the docking stage, themediately suggested by electron microscopy: dynamin
authors suggest that dynamin traps Vam3p to createself-assembles to form regular spirals with an outer di-
t-SNARE hot spots, ready to form trans complexes asameter of about 50 nm that enlace lipid membranes and
soon as dynamin is liberated. The fact that Vps1p isforce them to adopt a tubular shape. When this event
concentrated at the vertex region of docked vacuolesis coupled to the clathrin coat machinery, one sees
further supports its role as a spatial organizer of themembrane buds covered by a clathrin lattice and con-
SNARE machinery.nected to the donor membrane by a collar of dynamin.
What remain unclear in this attractive model are theThe mechanism by which dynamin drives the membrane
relative roles of the GTPase cycle of dynamin and of thefission remains mysterious. But, ironically, while dynamin
ATPase cycle of Sec18p/NSF. Experimentally, determin-
aficionados are still subjecting dynamin to thorough mu-
ing the connection between the two cycles may not be
tagenesis and electron microscopy to reveal its elusive
straightforward, as NDP kinases present in the cytosol
function in fission (Danino et al., 2004; Marks et al., 2001;
preclude the independent control of the ATP and GTP
Song et al., 2004), Peters et al. (2004) now report a role levels. As judged by the kinetics of sensitivity to various
of dynamin in membrane fusion. antibodies, Sec18p/NSF fulfills its function before dy-
Membrane fusion is the mechanism by which two lipid namin/Vps1p. Yet other experiments suggest that Sec18p/
membranes from distinct organelles merge (Jahn et al., NSF, through its ATPase activity, contributes to the dis-
2003). It is topologically distinct from membrane fission, assembly of Vps1p from Vam3p. But wouldn’t it be sim-
and the machineries that drive fusion and fission are pler for dynamin to directly use its GTPase cycle to
different. Among the key players of membrane fusion control its interaction with the t-SNARE? Strikingly,
are the SNAREs, proteins with a single transmembrane coimmunoprecipitation experiments demonstrate that
helix followed by a remarkable cytosolic region, the the Vps1p-Vam3p interaction is disrupted by the addi-
SNARE motif. The SNARE motif from different SNAREs tion of the nonhydrolysable analog GTPS. As nicely
can self-assemble into a four-helix bundle. When this suggested by the authors, Vam3p could interact through
pairing occurs in trans, between v-SNAREs from a vesi- its SNARE domain with a predicted coiled-coil region
cle and t-SNAREs from a target compartment, mem- of dynamin, which undergoes a dramatic conformational
brane fusion proceeds (Figure 1). After fusion, the four- change upon GTP hydrolysis (Chen et al., 2004). This
helix bundle, now in cis, becomes an inert object whose domain is at a significant distance (ca. 50 A˚) from the
components must be recycled for another round. Using membrane surface, but the length of the SNARE motif
an in vitro assay that measures the fusion of yeast vacu- should permit such a positioning.
oles (Wickner and Haas, 2000), Peters et al. (2004) sug- Other mechanisms have been proposed for the sort-
gest that dynamin plays an essential role in this SNARE ing of SNAREs. The protein coat COPII, which allows
cycle and thereby influences membrane fusion. the formation of transport vesicles between the endo-
Several important features of this deceptively simple plasmic reticulum and the Golgi, captures dissociated
homotypic vacuole fusion assay must be underlined. SNAREs but not cis-SNARE complexes (Mossessova et
First, the overall reaction involves a cascade of molecu- al., 2003). Like dynamin, protein coats are membrane-
lar events, from which only the last correspond to the deforming polymers controlled by a GTPase cycle. How-
ever, there is a fundamental difference between dynaminmembrane fusion reaction per se. During the first 20 min
Cell
582
Figure 1. SNARE-Sorting Strategies
(A) The pairing of v-SNAREs and t-SNAREs from different membranes (in trans) contributes to membrane fusion. After fusion, the resulting
cis v-SNARE-t-SNARE complexes are dismantled by the ATPase chaperone Sec18p/NSF. To prevent futile rebinding reactions, at least one
of the two resulting free SNAREs (v or t) must be trapped. By interacting preferentially with the t-SNARE and by constricting the lipid membrane,
dynamin may form a t-SNARE filter, which would isolate a membrane region where only v-SNARE can diffuse (v-SNARE/t-SNARE 1). This
region could tether another membrane, whether membrane fission occurs or not.
(B) Protein coats also interact preferentially with specific SNAREs (e.g., a v-SNARE). A v-SNARE trap is formed, but here membrane fission
and coat dissociation are required for subsequent fusion. Note that mechanisms (A) and (B) can combine.
Wang, L., Seeley, E.S., Wickner, W., and Merz, A.J. (2002). Celland protein coats with regard to their geometry (Figure
108, 357–369.1). A coat defines two membrane regions: the coated
Wickner, W., and Haas, A. (2000). Annu. Rev. Biochem. 69, 247–275.surface itself and the surrounding membrane. The dyna-
min collar, however, subdivides the surrounding mem-
brane into two distinct zones, each starting at one side
of the collar. In this way, dynamin can act as a SNARE
filter, whereas a protein coat can only act as a SNARE
trap. If dynamin prevents t-SNARE entry but leaves
v-SNAREs diffusing into the budding zone, a fusogenic
“v-SNARE-only” tentacle is created, ready to tether an-
other membrane. This may be an advantage compared
to a coat, which must dissociate to allow the tethering
of the v-SNAREs. The trap and filter mechanisms could
of course combine to increase the efficiency of
SNARE sorting.
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